Abstract: Background. The purpose of this study was to examine trends in neck dissection and regionalization.
Neck dissection is performed for purposes of diagnosis, staging, and/or treatment of multiple types of advanced head and neck cancer. Examination of neck dissection utilization patterns can, therefore, characterize trends in the surgical management of head and neck cancer, whether comparing specific cancer types or in aggregate.
Treatment for advanced head and neck cancer has traditionally included a combination of surgery (resection of the primary tumor site and neck dissection) and radiation therapy. Over time, treatment recommendations for specific cancer types (depending upon pathologic diagnosis, stage, or subsite) have expanded to include a larger role for primary radiation therapy with or without chemotherapy. For example, treatment recommendations for squamous cell carcinoma of the oropharynx have changed over the past decade, such that concomitant chemoradiotherapy has replaced surgery as the primary treatment modality for advanced lesions over the 2000 to 2006 period. [1] [2] [3] Regionalization describes the extent to which complex surgeries are directed toward high-volume providers. Studies have shown that there is a strong correlation between procedure volume and patient outcomes, specifically patient mortality, for a variety of complex surgical procedures. [4] [5] [6] Morton et al 7 recently showed that surgical volume is an indicator of expertise and is associated with clinical outcomes in neck dissection. Regionalization may also have implications for the head and neck cancer surgeon workforce. It has been argued that there may be a shortage of head and neck cancer surgeons, based on current trends showing a declining interest in head and neck cancer fellowship training. 8, 9 To the extent that regionalization occurs already, having fewer but more highly trained, high-volume surgeons may be sufficient to treat patients with head and neck cancer, whether or not there are changes in the overall volume of procedures. Finally, in an era of healthcare reform, understanding the trends in neck dissection treatment patterns and regionalization can inform decisions regarding policy initiatives in the area of access and quality. [10] [11] [12] The first objective of this study was to examine the volume and trends in neck dissections performed in the United States from 2000 to 2006, in aggregate and for specific subsites. The second objective was to determine the extent to which regionalization has occurred and the access of certain patient populations to higher-volume hospitals.
PATIENTS AND METHODS
This was a cross-sectional and longitudinal study using data from the Nationwide Inpatient Sample (NIS) for the years 2000, 2004, and 2006. The NIS is an all-payor national database compiled through the Healthcare Cost and Utilization Project (HCUP), sponsored by the Agency for Healthcare Research and Quality. The NIS and related files have been described previously. 13 The NIS is the largest such database in the United States, and it contains data such as patient demographics, diagnoses, procedures, payment sources, and facility characteristics on all inpatient stays from a 20% stratified sample of hospitals from 37 states. Because the databases do not include all inpatient stays throughout the country, national-level data were calculated indirectly based on weighting algorithms developed by HCUP statisticians specifically for this purpose; rather than a simple count of procedures included in the NIS, sampling overcomes any potential bias related to the larger sampling of hospitals and hospital discharges in the NIS over time.
Neck dissection was defined by the presence of an International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) procedure code of 40.40 (radical neck dissection, not otherwise specified), 40.41 (radical neck dissection, unilateral), and 40.42 (radical neck dissection, bilateral). In addition, the procedure code 40.3 (lymph node excision) was included only if associated with an ICD-9-CM diagnosis code specific to the head and neck.
Primary tumor subsites were identified by ICD-9-CM diagnosis codes specific to the following: nasal cavity and sinuses, nasopharynx, oral cavity (except tongue), oral tongue, oropharynx, hypopharynx, larynx, salivary gland, thyroid and parathyroid glands, and skin. This enabled an examination of total neck dissection surgical volumes, those related to this entire list of specific subsites, and those related to the upper aerodigestive tract (UADT; ie, not including salivary gland, thyroid and parathyroid glands, and skin). Chi-square test for trend was used to evaluate potential differences in the trends for specific subsites, compared to trends for either total neck dissections or those specifically associated with the UADT.
The NIS databases contain synthetic hospital identifiers and, from certain states, synthetic provider identifiers. These identifiers permit the determination of hospital and surgeon volume. Based on data from the year 2000, hospital and surgeon volume quartiles were defined to obtain an approximately equal distribution of neck dissections within each quartile. The same cutpoints were used for categorization of the 2004 and 2006 data (although individual hospitals and surgeons could move across quartiles) and examination of regionalization, with a chi-square test for trend to determine whether the distribution of procedures according to each set of quartiles changed over this period of time. Use of identical cutpoints across years enables an examination of regionalization and the same methods have been used previously. [14] [15] [16] [17] Because provider identifiers were missing for approximately 40% of the neck dissections, the remainder of the regionalization analysis was performed using only the hospital volume quartiles. The proportion of procedures in each quartile that were performed in hospitals having specific characteristics was examined. These characteristics included hospital location and teaching status (rural, urban nonteaching, or urban teaching) and large bed-size (generally 50þ beds for a rural hospital, 200þ beds for an urban nonteaching hospital, and 400þ beds for an urban teaching hospital); these bed-size cutpoints were contained within the NIS database. The chi-square test was used to compare the distribution of neck dissection cases across years, and a chi-square test for trend compared trends for different quartiles over time.
Last, patient characteristics that have been previously described as having decreased access to highvolume providers were examined. These characteristics included older adults (age 60 years or older), African Americans, and median annual household income (for patient zip code) less than $45,000.
14 For each patient characteristic, the proportion of neck dissections performed in patients with these characteristics within each year and quartile-year combination was calculated; no chi-square or other statistical testing was possible because the denominator used to calculate each proportion (the number of neck dissections performed in each hospital volume quartile) differed for each proportion. Of the neck dissections performed in patients with these characteristics, the proportion performed in hospitals in each volume quartile was determined. Chi-square testing compared the proportions across years, and a chi-square test for trend compared trends for quartile over time. A p value of < .05 was considered statistically significant for all analyses. All analyses were carried out in SAS, version 9.2 (SAS Institute, Cary, NC) and SUDAAN, version 9.0 (RTI Institute, Research Triangle Park, NC).
RESULTS
The total number of inpatient neck dissections performed and those associated with site-specific diagnosis codes is presented in Table 1 . From 2000 to 2006, there was an increase in the number of neck dissections in the United States. A substantial portion of this increase was for neck dissections performed for treatment of thyroid and parathyroid or for cutaneous neoplasms (about 75% of the total increase was due to increases in procedures related to these subsites). In contrast, there were decreases (albeit small in absolute terms) in the number of neck dissections performed for treatment of nasopharyngeal, hypopharyngeal, and laryngeal neoplasms.
There was an overall increase in the volume of neck dissections for UADT subsites from 2000 to 2006. When compared to this trend, the number of neck dissections for oral tongue primary neoplasms showed an even greater increase over time (p ¼ .005), whereas those related to the nasopharynx and hypopharynx neoplasms showed statistically significant decreases (p < .05). There was a slight increase in the point estimates for neck dissections for oropharyngeal neoplasms, but the increase was not statistically different from the trend for all UADT subsites (p ¼ .71).
Temporal trends in hospital volume and surgeon volume of neck dissections from 2000 to 2006 are presented in Tables 2 and 3 . Overall, high-volume hospitals and providers performed a larger proportion of neck dissections over this time period; there was no change in the proportion of surgeons in each volume quartile (chisquare test, p ¼ .18), suggesting that this was not primarily due to the overall increase in neck dissections over time and a larger proportion of providers' being in the higher volume quartiles. Approximately threefourths of all procedures occurred in large bed-size hospitals from the years 2000 to 2006. For hospitals in the highest-volume quartile, 80% to 95% of cases were performed at large bed-size hospitals, and progressively lower proportions in the lower-volume quartiles were performed in large bed-size hospitals. From 2000 to 2006, a larger proportion of neck dissections performed in large bed-size hospitals were in hospitals in the highest-volume quartile, similar to the overall trend for hospital volume shown in Table 2 (data not shown). For the hospital characteristic of location/teaching status, the proportion of neck dissections performed in urban teaching hospitals increased from 69% in 2000 to 75% in 2004 to 80% in 2006. These trends in hospital volume quartiles (Table 2) were seen in urban teaching hospitals but not in urban nonteaching or rural hospitals (data not shown).
Of all neck dissections, approximately 50% were performed in patients 60 years of age and older from 2000 to 2006, with similar proportions in all hospital volume quartiles (data not shown). African-American patients represented 5% to 7% of all patients undergoing neck dissections over this time period, with a slightly higher share in the highest versus lowest hospital volume quartiles for 2004 and 2006 (data not shown). A declining proportion of the neck dissection population had median household income (for patient Table 4 shows the proportion of neck dissections performed in patients with specific characteristics, including age greater than 60 years, African-American race, and annual median income (for patient zip code) less than $45,000. For all of these characteristics, from 2000 to 2006, a statistically significant, higher proportion of patients underwent neck dissection in higher hospital volume quartiles.
DISCUSSION
The volume of inpatient neck dissections increased over 25% from 2000 to 2006, and much of this increase occurred with treatment of non-UADT primary neoplasms: salivary gland, thyroid and parathyroid gland, and skin. Thyroid and parathyroid-related neck dissections showed an increase in volume that was even greater than that for neck dissections on the whole. The increases in neck dissections for salivary gland and cutaneous disease were not different from the overall trend. Among the UADT subsites only, neck dissections performed for oral cavity neoplasms (tongue and non-tongue) accounted for the majority of the increase in volume over this time period.
We hypothesized that there would be a decrease in the number of neck dissections for primary tumor sites for which chemoradiotherapy had assumed a more prominent role as a primary treatment modality. These subsites include squamous cell carcinomas of the oropharynx. Our results, however, suggested a different Abbreviation: CI, confidence interval. Note: Proportion of neck dissections, within each year, performed in each hospital volume quartile for patients with specific characteristics, including age 60 years or older, African-American race, and median annual income (for patient zip code) less than $45,000 trend, with an increase in neck dissections over the period 2000 to 2006 for both oropharynx and oral tongue. Because the NIS does not include diagnosed neoplasms (to determine whether there was a change in the proportion of neoplasms for which a neck dissection was performed), we examined the Surveillance Epidemiology and End Results published incidence tables that do contain this information. 18 The Surveillance Epidemiology and End Results tables, as opposed to raw data that can be obtained, groups incident diagnosed tumors of the oropharynx and oral tongue subsites within the category of ''oral cavity and pharynx'' that includes tumors of the tongue, floor of mouth and gum, oropharynx and tonsil, salivary gland, and lip. From 1992 to 2006, there was a statistically significant decrease in the delay-adjusted incidence rate for oral cavity and pharynx tumors (decrease of 1.3 cases per 100,000). 18 Although we cannot comment specifically on oropharyngeal and oral tongue neoplasms, we acknowledge the limitation of the NIS but have no reason to believe that the increase in the number of neck dissections for these 2 subsites reflects an increase in the number of newly diagnosed neoplasms. There are several potential reasons for the increase in neck dissections related to these subsites, despite a larger role for treatment with chemoradiotherapy. Some surgeons perform planned neck dissections after primary chemoradiotherapy, and neck dissections may be recommended as primary treatment for small primary tumors that have nodal involvement.
Our analysis showed that a higher proportion of neck dissections was performed by high-volume providers over time. This regionalization to high-volume providers was also demonstrated for specific subgroups of patients who have been shown to have low access to high-quality or high-volume care, suggesting that they were not being denied access to high-volume providers.
High-volume providers and hospitals have been shown to have better outcomes and higher quality for a wide range of surgical procedures, [4] [5] [6] [7] although there are some limitations to the evidence describing this relationship. 19 In a study by Morton et al, 7 it was found that there was a strong correlation between surgeon procedure volume and both nodal yield and a lower incidence of regional recurrence.
Regionalization can also be used to assess issues of workforce in head and neck cancer surgery. Although there may be concerns for declining interest and numbers of head and neck cancer surgeons, trends in neck dissection regionalization indicate that it may be possible for fewer highly trained surgeons, who each perform a higher volume of procedures, to meet the neck dissection needs in the United States. 8, 9 The converse would argue that regionalization is the result of a current head and neck cancer surgeon shortage, which occurred due to fewer head and neck surgeons, each performing more neck dissections by necessity.
Another explanation for the extent of regionalization could relate to financial incentives. It is generally considered that the valuation of head and neck cancer procedures, including neck dissection, may not reflect the complexity and time required to perform these procedures; this concern contributed to a recent reweighting (increase) of the relative value units for many head and neck cancer procedures. With a primarily low-income patient population and low relative value unit valuation, patients that require head and neck cancer surgery may be referred to urban, teaching hospitals more frequently, thus contributing to regionalization.
The NIS has the standard limitations of all administrative databases, including its lack of certain clinical information (tumor size, lymph node involvement, and metastases) and the fact that billing information may not accurately reflect the performance of specific procedures. Because neck dissection is a major surgical procedure, we suggest that this procedure is not often overlooked in billing records and, therefore, would be included in this database. One possible exception may be central neck dissection performed in conjunction with thyroid surgery, where the changes we observed may reflect a change in coding practices rather than practice patterns.
Use of the database requires ICD-9 procedure codes rather than the more-specific Current Procedural Terminology codes that describe separately the specific type of neck dissection: radical, modified, or selective. The most important implication is that selective neck dissections that may have been coded with the generic ICD-9 procedure code 40.3 (lymph node excision) without a neck-specific diagnosis code would not have been counted in our analysis. Despite these limitations, another strength is that the NIS database has been used in many previous studies based on its completeness and the rigor with which it and the weighting algorithms are assembled.
Finally, we do not have detailed information on the incidence of neoplasms of specific subsites and in patient subgroups defined by the specific variables we have examined in this analysis. Ultimately, the strongest conclusions about access to neck dissection care require clinical information and incidence data that are lacking.
CONCLUSIONS
The number of neck dissections performed in the United States increased from the years 2000 to 2006, primarily due to an increase in procedures performed for treatment of non-UADT subsites. There was no decline in neck dissections performed for the oropharynx subsite, for which chemoradiotherapy has assumed more of a primary treatment role. Regionalization has occurred, with a trend toward high-volume hospitals and providers; these trends were also present for patient subgroups that have traditionally had decreased access to high-volume centers.
